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ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʤʣʘʜʰʠʭ ʢʫʨʩʦʚ 
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ʧʦʚʝʜʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ. 

Abstract: the possibility of undergraduates independent computational experiments to explore the 

specific behavior of the logistic map. Specific examples. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʫʜʝʥʪ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʦʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

Keywords: student self-study, a computational experiment, logistic map, the window of stability. 
 

ʇʨʠʙʣʠʟʠʪʴʩʷ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʦʣʠ ʠ ʧʨʠʨʦʜʝ ʭʘʦʪʠʯʝʩʢʠʭ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [1].  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʚʫʟʦʚʩʢʠʭ ʢʫʨʩʘʭ ʦʙʱʝʡ ʬʠʟʠʢʠ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʬʠʟʪʝʭʦʚʩʢʠʡ ʢʫʨʩ ʦʙʱʝʡ ʬʠʟʠʢʠ [2]. 

ʅʘ ʤʣʘʜʰʠʭ ʢʫʨʩʘʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ ʟʥʘʢʦʤʩʪʚʦ ʩ ʵʣʝʤʝʥʪʘʤʠ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ 

ʚʦʟʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʬʘʢʫʣʴʪʘʪʠʚʥʳʭ ʟʘʥʷʪʠʡ ʠʣʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʨʝʬʝʨʘʪʘʤʠ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʫʜʝʥʪʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʲʝʢʪ ʠ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʩʪʦʨʦʥʳ ʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʜʥʦʤʝʨʥʦʝ ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ a, ʢʘʢ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ, ʪʘʢ ʠ ʭʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ [3]: 

xn+1 = a xn (1 ï xn )  (1) 

ɿʜʝʩʴ xn ï ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʥʘ n ʰʘʛʝ ʠʪʝʨʘʮʠʠ, xn= 0é1, a ï ʧʘʨʘʤʝʪʨ ʦʪʦʙʨʘʞʝʥʠʷ, a = 

0é4. (ʇʨʠʤʝʥʷʝʤ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʫʪʦʯʥʝʥʠʷ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʡ 

ʪʠʧʘ x = F(x)). ʃʦʛʠʩʪʠʯʝʩʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʤʥʦʛʠʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʩʦʦʙʱʝʩʪʚʘ ʭʠʱʥʠʢʦʚ ʠ ʞʝʨʪʚ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ (ʤʦʜʝʣʴ 

ʌʝʨʭʶʣʴʩʪʘïʇʠʨʣʘ), ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʨʷʜʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ (ʰʘʨʠʢ, ʧʦʜʧʨʳʛʠʚʘʶʱʠʡ 

ʥʘ ʢʦʣʝʙʣʶʱʝʡʩʷ ʤʝʤʙʨʘʥʝ ʠ ʜʨ.). ʇʨʠʤʝʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʝ ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠ 

ʘʥʘʣʠʟʝ ʚʢʣʘʜʦʚ ʠ ʚʳʧʣʘʪ ʚ ʙʘʥʢʦʚʩʢʦʤ ʜʝʣʝ (ʚʝʨʦʷʪʥʦ, ʦʪʩʶʜʘ ʟʚʘʥʠʝ ï ʣʦʛʠʩʪʠʯʝʩʢʦʝ). ʇʦ 

ʠʤʝʥʠ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷ ʥʝʦʨʜʠʥʘʨʥʳʭ ʩʚʦʡʩʪʚ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʝʛʦ ʥʘʟʳʚʘʶʪ 

ʪʘʢʞʝ ʦʪʦʙʨʘʞʝʥʠʝʤ ʌʝʡʛʝʥʙʘʫʤʘ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʟʘʧʠʩʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʧʨʦʠʟʚʝʜʷ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ: 

zn = a(xn-1/2), ɚ = ( a
2 
ï 2a)/4  

ʊʦʛʜʘ ʠʤʝʝʤ 

Zn+1 = ɚ ï ᾀ   (2) 

ʕʪʘ ʬʦʨʤʘ ʟʘʧʠʩʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʫʜʦʙʥʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʧʦʣʝʤ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʠʩʝʣ. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʩ ʙʫʜʫʪ ʠʥʪʝʨʝʩʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʜ ʧʦʣʝʤ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ, ʠ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫ ʟʘʧʠʩʠ (1). ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʠ ʦʜʥʦʟʥʘʯʥʳʡ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 

a=0é3. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʩʢʘʜ ʙʠʬʫʨʢʘʮʠʡ. ʅʘʩ ʙʫʜʝʪ 

ʠʥʪʝʨʝʩʦʚʘʪʴ ʧʘʨʘʤʝʪʨ a ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3,6785 ʜʦ 4,0. ʕʪʘ ʦʙʣʘʩʪʴ ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴʶ 

ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ a>4.0 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʭʦʜʠʪʩʷ. 

 

 
 

 

ʅʘ ʨʠʩ. 1 ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ a (ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʭ0=0,33) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʪʝʨʘʮʠʡ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʳʭ ʩʪʘ ʦʪʙʨʦʰʝʥʳ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ a ʚʳʧʦʣʥʝʥʦ 300 ʠʪʝʨʘʮʠʡ. ʉʨʘʟʫ ʚʠʜʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʦʙʣʘʩʪʝʡ ʭʘʦʪʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʠ ʦʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ï ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʠʪʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ 

ʨʝʛʫʣʷʨʥʳʤ ʦʙʨʘʟʦʤ. ʏʝʪʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʦʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩ ʧʝʨʠʦʜʘʤʠ k = 3 ʠ 5. ʅʘ ʨʠʩʫʥʢʝ 

ʫʛʘʜʳʚʘʶʪʩʷ ʝʱʝ ʯʝʪʳʨʝ ʦʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʦ ʩʢʘʟʘʪʴ ʯʪʦ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʦ ʧʦʨʷʜʢʝ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ k ʥʝ ʫʜʘʝʪʩʷ. ʍʦʪʝʣʦʩʴ ʙʳ ʠʤʝʪʴ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʜʘʞʝ ʥʘ ʤʣʘʜʰʠʭ ʢʫʨʩʘʭ 

ʨʝʮʝʧʪ ʥʘʭʦʞʜʝʥʠʷ ʦʢʦʥ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ʊʘʢʦʡ ʨʝʮʝʧʪ ʧʨʠʚʝʜʝʥ ʚ [3], 

ʩʚʦʝʦʙʨʘʟʥʦʡ ʵʥʮʠʢʣʦʧʝʜʠʠ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ.  

ʀʪʝʨʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ k-ʛʦ ʧʦʨʷʜʢʘ ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫʣʦʡ 

Fk(a, ʭ)  ὪὪȣὪὥȟ̖ ȣ ȟ 

ʛʜʝ Ὢὥȟ̖  ï ʧʨʘʚʘʷ ʯʘʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ (1). ɼʣʷ ʤʣʘʜʰʠʭ ʠʪʝʨʘʮʠʡ ʧʦʣʫʯʘʝʤ: 

F1(a, ʭ)  a x (1 ï x),   (3) 

F2(a, ʭ)  a2x(1-x)(1-ax(1-x)) 

F3(a, ʭ)  a3x(1-x)(1-ax(1-x))(1-a2x(1-x)(1-ax(1-x))) 

F4(a, ʭ)  a4x(1-x) )(1-ax(1-x))(1-a2x(1-x)(1-ax(1-x)))(1- a3x(1-x)(1-ax(1-x))(1-a2x(1-x)(1-ax(1-x)))) 
⸗

⸗●
Fk(a, ʭ)=0   ʠ     Fk(a, ʭ) =0. 

ʂʦʥʝʯʥʦ, ʵʪʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʥʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ, ʥʦ ʚʧʦʣʥʝ 

ʧʦʥʷʪʥʳ ʥʝ ʪʦʣʴʢʦ ʧʝʨʚʦʢʫʨʩʥʠʢʘʤ, ʥʦ ʠ ʫʯʘʩʪʥʠʢʘʤ ʰʢʦʣʴʥʦʛʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʢʨʫʞʢʘ. ʈʘʚʝʥʩʪʚʫ ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ x ʣʝʛʢʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ, ʫʯʠʪʳʚʘʷ ʩʠʤʤʝʪʨʠʶ ʬʫʥʢʮʠʠ 

Fk(a, ʭ). ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʦʞʠʪʴ x= İ ʠ ʥʘʡʪʠ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʠ Fk(a, 0.5). ʌʫʥʢʮʠʷ F3(a, ʭ) ʚ 

ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʜʠʘʧʘʟʦʥʝ a =3,6785 é4,0 ʠʤʝʝʪ ʦʜʠʥ ʵʢʩʪʨʝʤʫʤ. ʌʫʥʢʮʠʷ F4(a, ʭ) ï ʜʚʘ 

ʵʢʩʪʨʝʤʫʤʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʜʳʜʫʱʠʤ.  

ɼʣʷ ʠʪʝʨʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʦʨʷʜʢʘ k ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠ ʵʢʩʪʨʝʤʫʤʦʚ ʩʦʚʧʘʜʘʝʪ ʩʦ ʚʩʝʤʠ 

ʵʢʩʪʨʝʤʫʤʘʤʠ ʧʦʨʷʜʢʘ k-1. ʆʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʵʢʩʪʨʝʤʫʤʘʤ, ʠʤʝʶʪ 

ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʠ ʠʪʝʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʠ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʠʩʴ. ɺʥʦʚʴ ʧʦʷʚʠʚʰʠʤʩʷ 

ʵʢʩʪʨʝʤʫʤʘʤ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʨʷʜʢʘ k. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ 

Xn 

ʈʠʩ. 1 
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ʬʨʘʛʤʝʥʪ ʟʘʚʠʩʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʨʷʜʢʘ k =9 ʠ k=10 (ʟʝʣʝʥʘʷ ʣʠʥʠʷ). 

ʅʝʩʦʚʧʘʜʘʶʱʠʝ ʵʢʩʪʨʝʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʢʥʘʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʨʷʜʢʘ k=10. 
 
 

   

Fk(a,x0) 

 a 
ʈʠʩ. 2 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʦʢʦʥ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʣʷ ʧʝʨʠʦʜʦʚ ʦʪ k =3  

ʜʦ k =10. 
ʊʘʙʣʠʮʘ 1  

 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʠʦʜʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ 
 

 ʢ ʘʥʘʯ ʘʢʦʥ ŭ N  ʢ ʘʥʘʯ ʘʢʦʥ ŭ N 
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ɺ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ ʵʪʠ ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 
 

 
 

ʈʠʩ. 3 
 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ k=3 ʠ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ὥ=3,8283é3,8600, Ў ὥ ï ʮʝʥʘ ʜʝʣʝʥʠʷ ʧʦ ʦʩʠ ʧʘʨʘʤʝʪʨʘ ὥ, 0 ʥʘ ʦʩʠ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʘʥʘʯ. ʈʠʩ. 2ʘ ʪʘʙʣʠʮʳ 2 ʦʪʦʙʨʘʞʘʝʪ ʦʢʥʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʥʝʤʫ ʫʯʘʩʪʢʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ. ʅʘ ʵʪʠʭ ʛʨʘʥʠʮʘʭ ʧʝʨʝʭʦʜʳ ʢ ʭʘʦʪʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ a ʚʦʟʥʠʢʘʝʪ ʢʘʩʢʘʜ ʙʠʬʫʨʢʘʮʠʡ, ʘʥʘʣʦʛʠʯʥʳʡ ʢʘʩʢʘʜʫ 

ʙʠʬʫʨʢʘʮʠʡ ʚ ʜʠʘʧʘʟʦʥʝ a=3.0é3.58. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʧʝʨʝʭʦʜ ʢ ʭʘʦʪʠʯʝʩʢʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʩʮʝʥʘʨʠʶ çʧʝʨʝʤʝʞʘʝʤʦʩʪʠè (intermittency). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʪʨʦʛʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʪʝʨʘʮʠʡ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʥʘʨʫʰʘʝʪʩʷ, ʠ ʧʦʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʪʝʨʘʮʠʡ (ʨʠʩ. 4). ʆʙʘ ʩʮʝʥʘʨʠʷ ʧʝʨʝʭʦʜʘ ʢ ʭʘʦʩʫ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ. 

ʉʪʨʦʛʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʪʝʨʘʮʠʡ ʜʣʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ὥ1=3,831 ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.2ʙ. ʀʪʝʨʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘ ʨʠʩ. 2ʚ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʠʪʝʨʘʮʠʠ. ʅʘ ʜʠʘʛʨʘʤʤʝ 

ʧʘʨʘʙʦʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʦʡ ʯʘʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ (1), ʧʨʷʤʘʷ ʣʠʥʠʷ ï 

ʣʝʚʦʡ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʠʪʝʨʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʧʝʨʝʩʝʯʝʥʠʡ ʩ ʧʨʷʤʦʡ ʣʠʥʠʝʡ. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʨʠʩʫʥʢʝ ʚ ʵʪʦʡ ʪʘʙʣʠʮʝ (ʨʠʩ. 2ʛ) ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ F3(a, ʭ). 

ʏʠʩʣʦ ʪʦʯʝʢ ʢʘʩʘʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ʠ ʧʨʷʤʦʡ ʩʦʦʪʚʝʪʩʪʚʫʪʁ ʟʥʘʯʝʥʠʷʤ ʠʪʝʨʘʮʠʠ. ʕʪʦʪ 

ʛʨʘʬʠʢ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘʨʦʞʜʝʥʠʝ ʢʘʩʢʘʜʘ ʙʠʬʫʨʢʘʮʠʡ. 
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ʊʘʙʣʠʮʘ 2 
 

ὥ=3,8283é3,8600; Ў ὥ π,001 ὥ1=3,831 

  

ʈʠʩ. 2ʘ  ʈʠʩ. 2ʙ  

  
ʈʠʩ. 2ʚ  ʈʠʩ. 2ʛ 

 

 
ʈʠʩ. 4 
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ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʞʠʤʝ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ ʫʯʘʩʪʢʠ ʨʝʛʫʣʷʨʥʳʭ ʠʪʝʨʘʮʠʡ ʬʨʘʛʤʝʥʪʘʨʥʦ 

ʩʦʭʨʘʥʷʶʪʩʷ, ʪʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʌʝʡʛʝʥʙʘʫʤʘ (ʨʠʩ. 1) ʫʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʠʪʝʨʘʮʠʦʥʳʝ ʬʫʥʢʮʠʠ ʤʘʣʳʭ ʧʦʨʷʜʢʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʠʪʝʨʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʜʣʷ k ʦʪ 3 ʜʦ 6 ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [4]. 

 

 
ʈʠʩ. 5 

 

ʀʪʝʨʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʪʘʨʰʠʭ ʧʝʨʠʦʜʦʚ ʩʦʭʨʘʥʷʶʪ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʳʜʫʱʠʭ 

ʧʝʨʠʦʜʦʚ (k=5 ʠ k=6) ʠ ʧʦʷʚʣʷʶʪʩʷ ʜʠʘʛʨʘʤʤʳ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɿʘʚʝʨʰʘʶʱʘʷ ʜʠʘʛʨʘʤʤʘ 

ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʚʩʝʭ ʧʝʨʠʦʜʦʚ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʦʚʝʜʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʚʳʙʦʨʘ 

ʥʘʧʨʘʚʣʝʥʠ ̫ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʦʥ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʨʷʜʢʘ k=7. 
 

ʊʘʙʣʠʮʘ 3 
 

N ʘʥʘʯ ʘʢʦʥ ŭ ʊʘʙʣʠʮʘ ˉ 

1 3,7015  3,7030 0,0012 4 

2 3,7740  3,7750 0,00033 5 

3 3,8860  3.8862 000015 6 

4 3,92216  3,92224 0,000068 7 

5 3,951028  3,951072 0,000044 8 

6 3,96895  3,96905 0,000024 9 

7 3,98474  3,984754 0,9 10
-5 

10 

8 3,99453  3,99455 0,3 10
-5 

11 

9 3,9993970  3,9993974 0,4 10
-6 

12 
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ɼʣʷ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʪʳʨʝʭ ʦʢʦʥ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟ ʪʘʙʣʠʮʳ 3 ʧ.ʧ. 1, 

4, 7, 9. ʅʘ ʧʦʩʣʝʜʥʝʤ ʨʠʩʫʥʢʝ ʚ ʢʘʞʜʦʡ ʪʘʙʣʠʮʝ ʯʝʨʥʳʤ ʤʘʨʢʝʨʦʤ ʦʪʤʝʯʝʥʳ ʪʦʯʢʠ ʢʘʩʘʥʠʷ 

ʧʨʷʤʦʡ ʠ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ F7(a, ʭ). ʇʦʩʢʦʣʴʢʫ ʧʨʠ a>4,0 ʧʨʦʮʝʩʩ ʠʪʝʨʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʨʘʩʭʦʜʠʪʩʷ, ʪʦ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʛʨʘʥʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʤʘʥʪʠʩʩʫ ʠ ʯʠʩʣʦ ʦʪʙʨʦʰʝʥʥʳʭ ʠʪʝʨʘʮʠʡ. 
 

ʊʘʙʣʠʮʘ 4 

 

a = 3,7015 é 3,7030, Ў ὥ 0,00004 a = 3,7020 

  
ʈʠʩ. 4ʘ 

 

ʈʠʩ. 4ʙ 

 
 

ʈʠʩ. 4ʚ ʈʠʩ. 4ʛ 
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ʊʘʙʣʠʮʘ 5 

 

ὥ  3,92216 -3,92224; Ў ὥ 0,000005 ὥ1=3,92221 

 

 
 

ʈʠʩ. 5ʘ ʈʠʩ. 5ʙ 

 

 

ʈʠʩ. 5ʚ ʈʠʩ.5ʛ 

ʊʘʙʣʠʮʘ 6 
 

ὥ=3,98474 ï 3,984754; Ў ὥ 0,000001 ὥ1=3,984754 

 

 

 

 
ʈʠʩ. 6ʘ ʈʠʩ. 6ʙ 
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ʈʠʩ. 6ʚ ʈʠʩ. 6ʛ 

 

ɺ ʧʦʩʣʝʜʥʝʡ ʪʘʙʣʠʮʝ (ʪʘʙʣʠʮʘ 7) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʩʣʝʜʥʝʛʦ ʦʢʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ὥ=3,9993970 ï 3,9993974. ʇʨʠʚʝʜʝʥʳ ʧʦʣʥʳʝ ʛʨʘʬʠʢʠ ʠ ʠʭ ʬʨʘʛʤʝʥʪʳ.  
 

ʊʘʙʣʠʮʘ 7-1 
 

ὥ=3,9993970 ï 3,9993974;Ў ὥ πȟςρπ 

 
ʈʠʩ. 7-1ʘ 

 

ὥ1=3,99939716   

  

ʈʠʩ. 7-1ʙ ʈʠʩ. 7-1ʚ 
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ʊʘʙʣʠʮʘ 7-2 
 

 

ʇʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʫʜʝʥʪʘʤʠ ʤʣʘʜʰʠʭ ʢʫʨʩʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʣʠʥʝʡʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

 

 

 

 
ʈʠʩ. 7-2ʛ 
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ɹʘʭʤʝʪʦʚ ʉʝʨʛʝʡ ʇʝʪʨʦʚʠʯ / Bahmetov Sergey Petrovih ï ʛʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʧʨʦʝʢʪʦʚ 

ʆʆʆ çʇʉʌ ɺʦʜʧʨʦʝʢʪè, ʛ.ʆʤʩʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʪʝʦʨʠʠ ʜʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʷʜʝʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʩʪʦʷʥʥʦʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ, ʯʝʨʥʦʡ ʜʳʨʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʵʣʝʢʪʨʦʥʘ, ʧʨʦʪʦʥʘ, ʥʝʡʪʨʦʥʘ, ʷʜʨʘ ʘʪʦʤʘ 

ʜʝʡʪʝʨʠʷ, ˊ Ñ ʤʝʟʦʥʘ, Õ Ñ ʤʝʟʦʥʘ. ʅʘʡʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʧʨʦʪʦʥʘ, ʥʝʡʪʨʦʥʘ, ˊ Ñ ʤʝʟʦʥʘ, Õ Ñ ʤʝʟʦʥʘ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ. 

ʇʨʠʨʦʜʘ ʯʝʣʦʚʝʢʘ ʪʘʢʦʚʘ, ʯʪʦ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʨʝʰʝʥ ʚʦʧʨʦʩ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʥ ʥʝ ʩʤʦʞʝʪ ʙʳʪʴ ʫʚʝʨʝʥ ʚ ʠʩʪʠʥʥʦʩʪʠ ʩʚʦʝʛʦ 

ʤʠʨʦʚʦʟʟʨʝʥʠʷ. ʀ ʧʦʵʪʦʤʫ, ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ, ʥʦ ʥʘʫʢʝ ʧʨʠʜʝʪʩʷ ʨʝʰʘʪʴ ʚʦʧʨʦʩ ʧʦʪʝʥʮʠʘʣʦʚ 

(ʫʧʨʦʱʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʠʥʘ, ʘʨʦʤʘʪʘ ʠ ʪ.ʜ.) ʠ ʚ ʥʘʣʠʯʠʝ ʙʫʜʫʪ ʪʦʣʴʢʦ ʧʨʦʩʪʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ ï h ʘʨ, ʵʣʣʠʧʩ, ʪʦʨ, ʩʧʠʨʘʣʴ.  

Annotation: the theoretical part covers definitions for the gravitational, electromagnetic and nuclear 

interaction, the fine structure constant, specific binding energy, the black hole. There is a 

representation of geometrical models for an electron, a proton, a neutron, the nucleus of the deuterium 

atom, ́  Ñ meson, Õ Ñ meson. Numerical value for the fine structure constant is calculated, as well as for 

the ratio of the mass of a proton, a neutron,  ́Ñ meson, Õ Ñ meson to the mass of an electron. 

According to the human nature, we canôt be sure in the truth of our viewpoint unless we solve the 

problem of the visual representation of elementary particles and their interaction. Therefore, sooner or 

later, science will have to solve the issue on potentials (simplified representations of the spin, flavor, 

etc.), and only simple geometric shapes will be available, such as a sphere, an ellipse, a torus, a spiral.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥ, ʧʨʦʪʦʥ, ʥʝʡʪʨʦʥ, ʷʜʨʦ ʘʪʦʤʘ ʜʝʡʪʝʨʠʷ, ˊ Ñ ʤʝʟʦʥ, Õ Ñ ʤʝʟʦʥ, 

ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ, ʯʝʨʥʘʷ ʜʳʨʘ. 

Keywords: electron, proton, neutron, the nucleus of the deuterium atom,  ́Ñ meson, Õ Ñ meson, fine 

structure constant, specific binding energy, black hole. 

 

ɺ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʩʧʦʩʦʙʥʘʷ 

ʥʘʛʣʷʜʥʦ ʦʧʠʩʘʪʴ ʠʭ ʩʚʦʡʩʪʚʘ. ʅʘʜʝʶʩʴ, ʠʟʣʦʞʝʥʥʘʷ ʪʝʦʨʠʷ ʧʦʤʦʞʝʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ 

ʦʩʤʳʩʣʝʥʠʶ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʬʠʟʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʠʨʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʧʠʩʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʛʣʘʚʝʥʩʪʚʫʝʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʦʨʤʘʣʠʟʤ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʚʩʝ ʙʦʣʴʰʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʝʨʤʠʥʦʚ ʠ ʥʝ ʚʩʝʛʜʘ 

ʩʦʙʣʶʜʘʶʱʠʡ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ: çʋ ʣʶʙʦʛʦ ʟʘʢʦʥʘ ʜʦʣʞʝʥ ʙʳʪʴ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣè. 
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ʕʬʠʨ (ʬʠʟʠʯʝʩʢʠʡ ʚʘʢʫʫʤ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, ʚʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʪ.ʜ.) ï 

ʩʨʝʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʘʩʪʠʮ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʥʝʩʦʠʟʤʝʨʠʤʦ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʟʤʝʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʡ ʩʨʝʜʳ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴ ʚ 

ʙʫʜʫʱʝʤ. 
 

ʄʘʩʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʙʲʝʤʫ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ, ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ ʩʢʦʨʦʩʪʴ 

ʯʘʩʪʠʮ ʵʬʠʨʘ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʬʦʨʤʫʣʘʭ ʧʨʠʥʷʪʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʚʘʢʫʫʤʝ. 
 

ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʣʠʥʝʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʵʬʠʨʘ, ʩʦʟʜʘʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʜʚʠʞʝʥʠʝʤ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʣʠʥʝʡʥʳʭ ʠ ʚʦʣʥʦʚʳʭ 

ʩʚʦʡʩʪʚ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ, ʩʦʟʜʘʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ 

ʜʚʠʞʝʥʠʝʤ.  
 

ʗʜʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʪʨʦʝʥʠʷ ʷʜʝʨ 

ʘʪʦʤʦʚ. ʉʚʦʡʩʪʚʘ ʷʜʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʨʦʪʦʥʳ. ʗʜʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʤ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʪʠʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
 

ʉʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʤ 

ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʠʟʠʢʠ ʦ ʩʚʦʡʩʪʚʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ.  
 

ʅʝʡʪʨʠʥʦ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʷʚʣʷʝʪʩʷ ʧʣʦʜʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʩʦʙʣʶʩʪʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ) ʥʝ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʝʡ, ʘ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʨʘʩʩʝʠʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʬʠʨʝ ʧʨʠ ʩʤʝʥʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ ʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʜʨʫʛʦʝ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʯʘʩʪʠʮʳ ʤʦʛʫʪ 

ʨʦʞʜʘʪʴʩʷ ʠʟ ʵʬʠʨʘ, ʠ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʥʦʛʦ ʬʘʢʪʘ 

ʧʨʦʪʠʚʦʨʝʯʘʱʝʛʦ ʦʙʨʘʪʥʦʤʫ ʧʨʦʮʝʩʩʫ. 
 

ʂʚʘʨʢʦʚʘʷ ʤʦʜʝʣʴ, ʚʝʨʦʷʪʥʦ, ʦʧʠʩʳʚʘʝʪ ʦʪʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʯʘʩʪʠʮʳ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʠʮ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʚʘʨʢ, ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʣʦʛʦ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʜʝʣʝʥ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ.  
 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ï ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʥʘʫʢʘ, 

ʧʦʣʫʯʘʶʱʘʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʜʫʤʘʥʥʳʭ ʝʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʫʚʠʜʝʪʴ ʠʣʠ 

ʧʦʱʫʧʘʪʴ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʦʡ 

ʠʩʪʠʥʦʡ, ʘ ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦʧʠʩʳʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦ ʤʥʦʛʦʤ ʧʨʦʪʠʚʦʨʝʯʠʚʦʛʦ ʠ ʥʝ ʜʘʶʱʝʛʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʚʩʝ ʚʦʧʨʦʩʳ.  
 

ʕʣʝʢʪʨʦʥ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʫʪʴ ʚʩʝʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʨʘʟʦʚʘʥʘ 

ʚʨʘʱʝʥʠʝʤ ʯʘʩʪʠʮ ʵʬʠʨʘ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʪʦʨ ʩ ʧʘʨʘʤʝʪʨʘʤʠ (r=1, Vr=1/2, R=1, VR=1/2). 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʫ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʥʘ ʝʩʪʴ ʩʚʦʡʩʪʚʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʫ ʢʦʪʦʨʦʡ ʚʝʢʪʦʨ ʅ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ r, ʘ ʚʝʢʪʦʨ ɺ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ R, ʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ, ʦʙʨʘʟʫʶʱʠʭ ʪʦʨ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ, ʟʘʚʠʩʠʪ ʟʥʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʵʣʝʢʪʨʦʥʘ.  
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R=1

r=1

Vr

VR

R=1

r=1

Vr VR

R=1

r=1

Vr

VR

R=1

r=1

Vr

V2

V2

V2

V2

VR

 
 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ ʚʦʢʨʫʛ ʵʣʝʢʪʨʦʥʘ. 
 

 
 

Vr

VR

V2

Vr
VR

R=1
r=1

 
 

˛̛̂̆̍ ̓̏̑ ς́z “ Ὑz ὶzȠ Ὑȟὶ ̜̑́̅̉̔̒Ƞ ὠὙȟὠὶ ̒̋̏̑̏̒̓̉ ̠̃̑́̆̎̉̚Ƞ 
ὠς ̝̒̋̏̑̏̒̓ ̠̅̃̉̇̆̎̉ ̘̗̜́̒̓̉Ƞ 

ˑ̌ ̠̞̌̆̋̓̑̏̎́ ̟̠̒̏̂̌̅́̆̓̒ ̑́̃̆̎̒̓̃̏ Ὑ ὶ 
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ʀʟ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʘ ʠʤʝʥʥʦ ʠʟ ʝʝ ʜʚʠʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦ ʦʩʷʤ X, Y, Z ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ ʥʝʟʘʚʠʩʠʤʳ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʢʘʞʜʦʡ ʦʩʠ 

ʨʘʚʥʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʚʘʢʫʫʤʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʵʬʠʨʘ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʚʘ ʚʳʚʦʜʘ: 

1. ʇʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ ʧʦ ʦʩʷʤ X, 

Y, Z ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʙʲʝʤ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤ ʠ ʩʣʦʞʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʬʦʨʤʫʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʯʘʩʪʠʮʳ ʧʦʜʯʠʥʷʝʪʩʷ ʥʝ ʟʘʢʦʥʫ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ, ʘ ʟʘʢʦʥʫ ʩʣʦʞʝʥʠʷ 

ʤʦʜʫʣʝʡ ʩʢʦʨʦʩʪʝʡ.  

2. ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʚʝʢʪʦʨʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ ʨʘʚʥʘ: 

6ÍÁØ 6Ø 6Ù 6Ú Ѝσz  ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ 

ʚʘʢʫʫʤʝ. 

ʄʘʩʩʘ ɻʣʝʢʪʨʦʥʘȡ ʄʝ ὠὶ ὠὙ ςzz “ Ὑz ὶz 

ʄʝ
ρ

ς

ρ

ς
ςzz “ ρzz ρ ρz ςz “  

ʇʨʦʪʦʥ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʘ ʧʦ ʟʘʤʢʥʫʪʦʡ 

ʩʧʠʨʘʣʠ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʪʦʨ ʩ ʧʘʨʘʤʝʪʨʘʤʠ (r=6, Vr=2/3, R=36, VR=3/4).  

 

42

R=36r=6

Vr
VR

VR

Vr
r=6

R=36

1

 
 

˛̛̂̆̍ ̓̏̑ ς́z “ Ὑz ὶzȠ Ὑȟὶ ̜̑́̅̉̔̒Ƞ ὠὙȟὠὶ ̒̋̏̑̏̒̓̉ ̠̃̑́̆̎̉̚ 

Ὑὴȟὶὴ̜̑́̅̉̔̒ ̏̑̂̉̓ ̠̅̃̉̇̆̎̉ ̞̌̆̋̓̑̏̎́Ƞ  
ˑ̌ ̠̐̑̏̓̏̎́ ̟̠̒̏̂̌̅́̆̓̒ ̑́̃̆̎̒̓̃̏ Ὑ ὶ 

ɺʳʨʘʞʝʥʠʝ Ὑ ὶ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʚʝʥʩʪʚʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʥ. ʇʨʠ ʵʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ ʩʦʟʜʘʥʘ ʦʩʪʘʪʦʯʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʯʘʩʪʠʮ ʵʬʠʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʧʦ ʦʨʙʠʪʘʤ ʩ ʨʘʜʠʫʩʘʤʠ Ὑὴ ̉ ὶὴ ʜʦ 
ʤʦʤʝʥʪʘ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ ʚ ʪʝʢʫʱʝʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ. 

 ʄʘʩʩʘ ʧʨʦʪʦʥʘȡ ʄʨ ὠὶ ὠὙ ςzz “ Ὑz ὶz 

ʄʨ
ς

σ

σ

τ
ςzz “ σzφzφ ρψσφzςz “  
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ʉʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʧʨʦʪʦʥʘ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ =ρψσφȟρυςφχςρ 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʪʦʯʥʳʡ ʙʘʣʘʥʩ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʧʨʦʪʦʥʘ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʥʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩɹʷ ʚ ʧʦʢʦʝ, ʘ ʚʩʝʛʜʘ 

ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝ ʤʝʥʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʩʚʦʡʩʪʚ ʯʘʩʪʠʮʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮ ʵʬʠʨʘ ʦʢʨʫʞʘʶʱʠʭ 

ʝʝ.  

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ὠὶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʠʞʝʥʠʷ 
ʵʣʝʢʪʨʦʥʘ ʟʘʚʠʩʠʪ ʟʥʘʢ ʝʛʦ ʟʘʨʷʜʘ (ʨʠʩ.1), ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ 

ʩʪʨʫʢʪʫʨʘ ʧʨʦʪʦʥʘ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʦʡ, ʘ ʚ ʜʨʫʛʦʤ, ʯʝʨʝʟ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ʧʨʦʠʟʦʡʜʝʪ ʝʛʦ 

ʨʘʩʧʘʜ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʚ ʩʠʤʤʝʪʨʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʘʥʪʠʚʝʱʝʩʪʚʘ ʚ ʥʘʰʝʤ ʤʠʨʝ. 

ˑ̌̉̎́ ̏̋̑̔̇̎̏̒̓̉ȡ ὒ ςz “z ὙȠ ̃̆̑̉̏̅ȡ Ὕ  
ὒ

ὠ

ςz “z Ὑ

ὠ
 

ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʥ ʚ ʧʣʦʩʢʦʩʪʷʭ rʝ ʠ Rʝ: 

Ὕὶ̆ ὝὙ̆
ρ

ρȾς
ᶻςz “ ςz ςz “ 

ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʧʦ ʨʘʜʠʫʩʫ rʨ:  

Ὕὶ̑
τ

ςȾσ
ᶻςz “ φz ςz “ 

ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʧʦ ʨʘʜʠʫʩʫ Rʨ:  

ὝὙ̑
σφ

σȾτ
ᶻςz “ τψz ςz “ 

Ὕὶ̑

ὝὙ̆
σȠ 
ὝὙ̑

Ὕὶ̑
ψȠ 
ὝὙ̑

ὝὙ̆
ςτȠ  

ʇʦʣʫʯʝʥʥʳʝ ʮʝʣʳʝ ʦʪʥʦʰʝʥʠʷ ʧʝʨʠʦʜʦʚ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʩʦʩʪʘʚʝ ʧʨʦʪʦʥʘ ʠ ʯʘʩʪʠʮ 

ʵʬʠʨʘ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʥ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʥʘ. 
 

x

y
TRp = 48

Trp = 6TRʝ = Trʝ = 2

 

ὠὶ ɻʣʝʢʪʨʦʥʘὠὙ ɻʣʝʢʪʨʦʥʘ
ρ

ς
Ƞ ὠὶ ʧʨʦʪʦʥʘ

ς

σ
Ƞ ὠὙ ʧʨʦʪʦʥʘ

σ

τ
Ƞ 

ʇʨʠʚʝʜʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʵʣʝʢʪʨʦʥʘ ʚ ʩʦʩʪʘʚʝ ʧʨʦʪʦʥʘ ʠ ʯʘʩʪʠʮ 

ʵʬʠʨʘ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʥ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ, ʘ ʥʝ ʧʨʠʯʠʥʦʡ, ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʥʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʥʦʰʝʥʠʝ ʧʝʨʠʦʜʦʚ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ.  

ʇʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʨʦʧʦʨʮʠʶ ʤʝʞʜʫ 

ʦʙʲʝʤʦʤ ʦʙʨʘʟʦʚʘʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʯʘʩʪʠʮ ʵʬʠʨʘ ʬʦʨʤʠʨʫʶʱʠʭ ʧʝʨʠʦʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʦʥʘ ʠ ʦʙʲʝʤʦʤ ʧʨʦʪʦʥʘ. 
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R=1

r=1

x

y

z

 
 

ʆʙʲʝʤ ʪʦʨʘȡ ὠʪʦʨʘςz “ Ὑz ὶz  

ʆʙʲʝʤ hʘʨʘȡ ὠh ʘʨʘ
τ

σ
“zz Ὑ  

ʂρ  
ὠʪʦʨʘ

ὠh ʘʨʘ
  
ςz “ Ὑz ὶz

τ
σ
“zz Ὑ

  
σ

ς
“z ʜʣ ̫ɻʣʝʢʪʨʦʥʘ Ὑ ὶ  

ʂς  
ὠh ʘʨʘ

ὠʪʦʨʘ
  

τ
σ
“zz Ὑ

ςz “ Ὑz ὶz
 
ς

σz “
 ʜʣ ̫ɻʣʝʢʪʨʦʥʘ Ὑ ὶ  

 

ʉʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ: 

 θ ςz
ὠʪʦʨʘ

ὠh ʘʨʘ
ᶻ
ὠɻ ʣʝʢʪʨʦʥʘ

ὠʧʨʦʪʦʥʘ
ςz
σ

ς
“zz

ρz ςz “

ρςωφzςz “
πȟππχςχςςπυ  

ᶿ  
ρ

ς
ᶻ
ὠh ʘʨʘ

ὠʪʦʨʘ
ᶻ
ὠʧʨʦʪʦʥʘ

ὠɻ ʣʝʢʪʨʦʥʘ

ρ

ς
ᶻ
ς

σz “
ᶻ
ρςωφzςz “

ρz ςz “
 ρσχȟυπωψχπψ  

ʉʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ θ ρσχȟπσυωωωφχωωτ 
ʗʜʨʦ ʘʪʦʤʘ ʜʝʡʪʝʨʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʦʪʦʥʦʚ ʠ ʩʚʷʟʫʶʱʝʛʦ ʠʭ ʵʣʝʢʪʨʦʥʘ.  
 

42

12

1

36
2

48

ʇʨʦʪʦʥ ʕʣʝʢʪʨʦʥ ʇʨʦʪʦʥ

36

 
 

ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʦʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʜʚʠʞʝʥʠʷ. 

ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʵʣʝʢʪʨʦʥ ʜʚʠʞʝʪʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʚʦʩʴʤʝʨʢʠ ʚʦʢʨʫʛ ʜʚʫʭ ʧʨʦʪʦʥʦʚ. 

ʈʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʧʨʦʪʦʥʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ Vr (ʧʨʦʪʦʥʘ) 

ʧʨʠʜʘʝʪ ʵʣʝʢʪʨʦʥʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ. ʉʦ ʩʪʦʨʦʥʳ ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʜʠʥ ʧʨʦʪʦʥ ʠ ʦʜʠʥ ʥʝʡʪʨʦʥ (ʧʨʦʪʦʥ + ʵʣʝʢʪʨʦʥ), 

ʧʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʧʘʨ (ʧʨʦʪʦʥ ˉ1 + ʥʝʡʪʨʦʥ) ʠ (ʧʨʦʪʦʥ ˉ2 + 

ʥʝʡʪʨʦʥ). 
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36
48

36

Vʧʨʦʪʦʥʘ

Vʧʨʦʪʦʥʘ

ʇʨʦʪʦʥ ʕʣʝʢʪʨʦʥ ʇʨʦʪʦʥ

 
 

ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʵʣʝʢʪʨʦʥ ʢʘʢ ʙʳ ʟʘʩʪʳʚʘʝʪ ʤʝʞʜʫ ʜʚʫʭ ʧʨʦʪʦʥʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ VR (ʧʨʦʪʦʥʘ). ʉʦ ʩʪʦʨʦʥʳ 

ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʜʠʥ ʧʨʦʪʦʥ ʠ ʦʜʠʥ 

ʥʝʡʪʨʦʥ (ʧʨʦʪʦʥ + ʵʣʝʢʪʨʦʥ). ʄʘʣʦʚʝʨʦʷʪʥʳʡ ʚʘʨʠʘʥʪ, ʪʘʢ ʢʘʢ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ 

ʚʨʘʱʝʥʠʝ ʧʨʦʪʦʥʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ Vr (ʧʨʦʪʦʥʘ), ʧʨʠʚʝʜʝʪ ʢ 

ʚʳʪʘʣʢʠʚʘʥʠʶ ʵʣʝʢʪʨʦʥʘ ʠʟ ʩʠʩʪʝʤʳ. 
 

36
4836

ʇʨʦʪʦʥ ʕʣʝʢʪʨʦʥ ʇʨʦʪʦʥ

Vʧʨʦʪʦʥʘ Vʧʨʦʪʦʥʘ

 
 

ʇʨʠ ʵʪʦʤ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʨʦʪʦʥʦʚ, 

ʪʦʨ ʦʙʨʘʟʫʶʱʠʡ ʵʣʝʢʪʨʦʥ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ V2 ʨʘʚʥʦʡ 

1/2, ʠ ʵʣʝʢʪʨʦʥ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ ʰʘʨʘ ʩ ʨʘʜʠʫʩʦʤ R2 = 2. 
 

 

R=1

r=1

Vr

VR

Vr

R2=2

V2

V2

ʕʣʝʢʪʨʦʥ ʚ ʩʠʩʪʝʤʝ

VR

; 

˛̛̂̆̍ ̙́̑́ “zz Ὑ Ƞ ὙȟὶȟὙς ̜̑́̅̉̔̒Ƞ ὠὙȟὠὶȟὠς ̒̋̏̑̏̒̓̉ ̠̃̑́̆̎̉̚; 

˙́̒̒́ ̞̌̆̋̓̑̏̎́ ̃ ̒̉̒̓̆̍̆ȡ ̇̑̆ ὠὶ ὠὙ ὠ̇ς  z
τ

σ
“zz Ὑς  

˙̑̆ 
ρ

ς

ρ

ς

ρ

ς
 z
τ

σ
“z zςᶻ

ςz “

ςz “
  ςȟυτφτχωρᶻςz “   
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ʅʝʡʪʨʦʥ ï ʩʦʩʪʘʚʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʨʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ.  
 

42

12

36

1

R2=48

R2=48

ʇʨʦʪʦʥ

ʕʣʝʢʪʨʦʥ

ʕʣʝʢʪʨʦʥ ʇʨʦʪʦʥ

36
2

 
 

ʄʘʩʩʘ ʥʝʡʪʨʦʥʘȡ ʄʥ ʄʨ ʄʨʝ 

ʄʥ ρψσφzςz “ ςȟυτφτχωρᶻςz “ ρψσψȟυτφτχωρᶻςz “  
 

ʉʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʥʝʡʪʨʦʥʘ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ =ρψσψȟφψσφφπρ 

ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʦʙʫʩʣʦʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʪʦʥʦʚ ʚ ʷʜʨʝ, ʧʨʠ ʢʦʪʦʨʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʦʙʣʘʩʪʝʡ 

ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʧʨʦʪʦʥʘ ʠʣʠ ʚʟʘʠʤʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʚʩʪʨʝʯʥʦʤ 

ʚʨʘʱʝʥʠʠ ʩʦʩʝʜʥʠʭ ʧʨʦʪʦʥʦʚ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʵʬʠʨ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʵʬʠʨʘ ʚʦʢʨʫʛ ʷʜʨʘ. 

ʉʧʨʘʚʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʩʘʡʪʝ: 

http://cdfe.sinp.msu.ru/services/calc_thr/calc_thr_ru.html 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʰʝʥʠʷ ʩʧʨʘʚʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

ʷʜʨʘ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ [Eʩʚ/me]. ɸ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʷʜʨʘ 

ʥʘ ʦʜʠʥ ʥʝʡʪʨʦʥ (ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʷʜʨʝ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʥʝʡʪʨʦʥʦʚ) 

[(Eʩʚ/me)/N] ʠ ʥʘ ʦʜʠʥ ʧʨʦʪʦʥ [(Eʩʚ/me)/Z]. 

ʊʝʤʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʩʪʘʙʠʣʴʥʳʝ ʠʟʦʪʦʧʳ ʘʪʦʤʦʚ. 
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Elem Z N A Eʩʚ Ů Eʩʚ/me (Eʩʚ/me)/N (Eʩʚ/me)/Z 

H 1 0 1 0,000 0,000       

H 1 1 2 2,225 1,112 
4,353 4,353 4,353 

H 1 2 3 8,482 2,827 
16,599 8,300 16,599 

H 1 3 4 5,604 1,401 
10,966 3,655 10,966 

H 1 4 5 6,685 1,337 
13,082 3,271 13,082 

H 1 5 6 5,747 0,958 11,246 2,249 11,246 

H 1 6 7 6,618 0,946 
12,951 2,159 12,951 

           

Elem Z N A Eʩʚ Ů Eʩʚ/me (Eʩʚ/me)/N (Eʩʚ/me)/Z 

He 2 1 3 7,719 2,573 
15,105 15,105 7,552 

He 2 2 4 28,296 7,074 
55,374 27,687 27,687 

He 2 3 5 27,403 5,481 53,626 17,875 26,813 

He 2 4 6 29,269 4,878 
57,278 14,320 28,639 

He 2 5 7 28,835 4,119 
56,428 11,286 28,214 

He 2 6 8 31,409 3,926 
61,466 10,244 30,733 

He 2 7 9 30,139 3,349 
58,980 8,426 29,490 

He 2 8 10 30,340 3,034 59,374 7,422 29,687 

           

Elem Z N A Eʩʚ Ů Eʩʚ/me (Eʩʚ/me)/N (Eʩʚ/me)/Z 

Li  3 1 4 4,619 1,155 
9,038 9,038 3,013 

Li  3 2 5 26,330 5,266 
51,527 25,763 17,176 

Li  3 3 6 31,995 5,333 
62,612 20,871 20,871 

Li  3 4 7 39,245 5,606 76,801 19,200 25,600 

Li  3 5 8 41,278 5,160 
80,779 16,156 26,926 
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Li  3 6 9 45,342 5,038 88,732 14,789 29,577 

Li  3 7 10 45,318 4,532 
88,685 12,669 29,562 

Li  3 8 11 45,642 4,149 
89,320 11,165 29,773 

Li  3 9 12  3,701 
86,910 9,657 28,970 

           

Elem Z N A Eʩʚ Ů Eʩʚ/me (Eʩʚ/me)/N (Eʩʚ/me)/Z 

Be 4 2 6 26,924 4,487 
52,689 26,345 13,172 

Be 4 3 7 37,601 5,372 73,583 24,528 18,396 

Be 4 4 8 56,500 7,063 
110,568 27,642 27,642 

Be 4 5 9 58,167 6,463 
113,829 22,766 28,457 

Be 4 6 10 64,979 6,498 
127,161 21,194 31,790 

Be 4 7 11 65,483 5,953 
128,147 18,307 32,037 

Be 4 8 12 68,651 5,721 134,347 16,793 33,587 

Be 4 9 13 68,550 5,273 
134,149 14,905 33,537 

Be 4 10 14 69,921 4,994 
136,833 13,683 34,208 

Be 4 11 15 68,143 4,543 
133,352 12,123 33,338 

Be 4 12 16 68,314 4,270 
133,688 11,141 33,422 

           

Elem Z N A Eʩʚ Ů Eʩʚ/me (Eʩʚ/me)/N (Eʩʚ/me)/Z 

B 5 1 6 0,917 0,153 
1,794 1,794 0,359 

B 5 2 7 24,718 3,531 
48,372 24,186 9,674 

B 5 3 8 37,738 4,717 
73,852 24,617 14,770 

B 5 4 9 56,316 6,257 
110,208 27,552 22,042 

B 5 5 10 64,753 6,475 126,718 25,344 25,344 

B 5 6 11 76,206 6,928 
149,132 24,855 29,826 

B 5 7 12 79,577 6,631 
155,728 22,247 31,146 
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B 5 8 13 84,455 6,497 165,275 20,659 33,055 

B 5 9 14 85,426 6,102 
167,174 18,575 33,435 

B 5 10 15 88,188 5,879 
172,580 17,258 34,516 

B 5 11 16 88,152 5,510 
172,509 15,683 34,502 

B 5 12 17 89,533 5,267 
175,213 14,601 35,043 

B 5 13 18 89,075 4,949 174,315 13,409 34,863 

B 5 14 19 90,047 4,739 
176,217 12,587 35,243 

           

Elem Z N A Eʩʚ Ů Eʩʚ/me (Eʩʚ/me)/N (Eʩʚ/me)/Z 

C 6 2 8 24,783 3,098 
48,499 24,250 8,083 

C 6 3 9 39,039 4,338 
76,397 25,466 12,733 

C 6 4 10 60,322 6,032 118,048 29,512 19,675 

C 6 5 11 73,441 6,677 
143,721 28,744 23,954 

C 6 6 12 92,163 7,680 
180,359 30,060 30,060 

C 6 7 13 97,110 7,470 
190,039 27,148 31,673 

C 6 8 14 105,286 7,521 
206,040 25,755 34,340 

C 6 9 15 106,505 7,100 208,425 23,158 34,737 

C 6 10 16 110,755 6,922 
216,743 21,674 36,124 

C 6 11 17 111,483 6,558 218,167 19,833 36,361 

C 6 12 18 115,662 6,426 
226,346 18,862 37,724 

C 6 13 19 116,244 6,118 
227,484 17,499 37,914 

C 6 14 20 119,176 5,959 
233,221 16,659 38,870 

C 6 15 21 118,807 5,658 
232,500 15,500 38,750 

C 6 16 22 119,579 5,435 234,010 14,626 39,002 
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N 

H He Li  Be ɺ ʉ 

Z=1 Z=2 Z=3 Z=4 Z=5 Z=6 

%̒ Ⱦ̃ÍÅ

ὔ
 
%̒ Ⱦ̃ÍÅ

ὤ
 
%̒ Ⱦ̃ÍÅ

ὔ
 
%̒ Ⱦ̃ÍÅ

ὤ
 
%̒ Ⱦ̃ÍÅ

ὔ
 
%̒ Ⱦ̃ÍÅ

ὤ
 
%̒ Ⱦ̃ÍÅ

ὔ
 
%̒ Ⱦ̃ÍÅ

ὤ
 
%̒ Ⱦ̃ÍÅ

ὔ
 
%̒ Ⱦ̃ÍÅ

ὤ
 
%̒ Ⱦ̃ÍÅ

ὔ
 
%̒ Ⱦ̃ÍÅ

ὤ
 

1 4,35 4,35 15,11 7,55 9,04 3,01   1,79 0,36   

2 8,30 16,59 27,69 27,69 25,76 17,18 26,35 13,17 24,19 9,67 24,25 8,08 

3 3,65 10,96 17,88 26,81 20,87 20,87 24,53 18,40 24,62 14,77 25,47 12,73 

4 3,27 13,08 14,32 28,64 19,20 25,60 27,64 27,64 27,55 22,04 29,51 19,68 

5 2,24 11,24 11,29 28,21 16,16 26,93 22,77 28,46 25,34 25,34 28,74 23,95 

6 2,15 12,95 10,24 30,73 14,79 29,58 21,19 31,79 24,86 29,83 30,06 30,06 

7   8,43 29,49 12,67 29,56 18,31 32,04 22,25 31,15 27,15 31,67 

8   7,42 29,69 11,17 29,77 16,79 33,59 20,66 33,06 25,76 34,34 

9     9,66 28,97 14,91 33,54 18,58 33,44 23,16 34,74 

10       13,68 34,21 17,26 34,52 21,67 36,12 

11       12,12 33,34 15,68 34,50 19,83 36,36 

12       11,14 33,42 14,60 35,04 18,86 37,72 

13         13,41 34,86 17,50 37,91 

14         12,59 35,24 16,66 38,87 

15           15,50 38,75 

16           14,63 39,00 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʯʝʪʢʦ ʚʠʜʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 

ʩʚʷʟʠ ʷʜʨʘ ʢ ʢʦʣʠʯʝʩʪʚʫ ʩʚʷʟʳʚʘʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʤʘʩʩʦʡ ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʮʝʣʳʭ ʯʠʩʝʣ: 4, 9(3), 16(8), 54(27), 20, 25, 30. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʪʦʥʳ ʚ ʷʜʨʝ ʘʪʦʤʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʜʦʙʥʦ ʘʪʦʤʘʤ ʚ ʤʦʣʝʢʫʣʝ, 

ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥ ʩʚʷʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʛʨʫʧʧʫ ʧʨʦʪʦʥʦʚ.  

ʅʠʞʝ ʫʧʨʦʱʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʪʦʥʦʚ ʠ ʦʨʙʠʪ 

ʩʚʷʟʫʶʱʠʭ ʠʭ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʷʜʝʨ ʘʪʦʤʦʚ H, He, Li. ʉʣʝʜʫʶʱʠʡ ʰʘʛ 

ʚ ʧʦʥʠʤʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ ʚʦʟʤʦʞʝʥ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʜʣʷ ʢʘʞʜʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʩʚʷʟʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ.  
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Li 3-3 Li 3-4

H 1-1 H 1-2

He 2-2

He 2-1

1 1

1,2 1,2

1,2

1 1

1 

1,2 1,2

1,2

1,2
1,3

1

1,2    2

2,3

   3 1,4

1

1,2 2,3

3

3,4

2,4

 
 

ʇʩʝʚʜʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʠ ʨʝʟʦʥʘʥʩʳ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʩʪʦʣʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ, ʥʝʡʪʨʦʥʦʚ ʠ ʷʜʝʨ ʘʪʦʤʦʚ. ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʪʦʣʴʢʦ ʜʚʘ 

ʤʝʪʦʜʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʝʨʚʳʡ ʩʚʷʟʘʥ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ, ʚʪʦʨʦʡ ï ʩ ʨʘʟʛʦʥʦʤ ʯʘʩʪʠʮ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ (ʧʦʣʝʤ). ɼʨʫʛʦʛʦ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʧʦʩʦʙʘ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ 

ʚ ʧʨʠʨʦʜʝ ʥʝʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ 

ʯʘʩʪʠʮ ʠ ʩʧʦʩʦʙʘ ʠʭ ʧʦʣʫʯʝʥʠʷ.  
 

ˊ Ñ ʤʝʟʦʥ ï ʧʩʝʚʜʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʘ ʚʦʢʨʫʛ 

ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʪʦʨ ʩ ʧʘʨʘʤʝʪʨʘʤʠ (r=2, Vr=2/3, R=48, VR=3/4).  

 

R=48

VR

Vr

r=2

 
 

ʆʙʲʝʤ ʪʦʨʘςz “ Ὑz ὶzȠ Ὑȟὶ ʨʘʜʠʫʩʳȠ ὠὙȟὠὶ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ; 

ʄʘʩʩʘ “  ʤʝʟʦʥʘȡ ʄʧ ὠὶ ὠὙ ςzz “ Ὑz ὶz 

ʄʧ
ς

σ

σ

τ
ςzz “ τzψzς ςχςzςz “  

ʉʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ˊ Ñ ʤʝʟʦʥʘ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ ςχσȟρσςπυπσ 

Õ Ñ ʤʝʟʦʥ ï ʧʩʝʚʜʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʦʝ 

ʬʦʨʤʠʨʫʝʪ ʪʦʨ ʩ ʧʘʨʘʤʝʪʨʘʤʠ (r=2, Vr=2/3, R=36, VR=3/4). 
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R=36VR

Vr

r=2

 
 

ʆʙʲʝʤ ʪʦʨʘςz “ Ὑz ὶzȠ Ὑȟὶ ʨʘʜʠʫʩʳȠ ὠὙȟὠὶ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ; 

ʄʘʩʩʘ Õ  ʤʝʟʦʥʘȡ ʄʤ ὠὶ ὠὙ ςzz “ Ὑz ὶz 

ʄʤ
ς

σ

σ

τ
ςzz “ σzφzς ςπτzςz “  

ʉʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ Õ Ñ ʤʝʟʦʥʘ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ ςπφȟχφψςψςρ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʦʨʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʤʠʨʦʚʦʟʟʨʝʥʠʶ ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ. ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʨʥʦʡ ʠ ʥʘ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʝ ʜʘʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ.  

ʅʦ ʫʞʝ ʩʝʡʯʘʩ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʝ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ, ʢʘʢ ʤʠʥʠʤʫʤ, ʨʘʚʥʦʟʥʘʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʷʤ. 

ʗʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʫʨʦʚʥʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʧʨʦʩʪʦʪʘ ʠʭ ʦʧʠʩʘʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ. ʀʤʝʥʥʦ ʵʪʦ 

ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ, ʩʩʳʣʘʷʩʴ ʥʘ ʦʩʥʦʚʘʥʥʳʝ ʝʶ ʞʝ ʟʘʢʦʥʳ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʫʨʦʚʥʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ çʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷè ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʦʨʠʠ 

ʩʜʝʣʘʥ ʧʝʨʚʳʡ ʰʘʛ. ʇʨʦʨʘʙʦʪʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ ʧʦʪʨʝʙʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʦʩʤʳʩʣʝʥʠʷ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʅʦ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʠ ʨʘʟʚʠʚʘʣʦʩʴ ʚʩʝʤ ʥʘʫʯʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʩʪʘ ʣʝʪ.  

ʆʪʜʝʣʴʥʦ ʭʦʪʝʣʦʩʴ ʙʳ ʩʢʘʟʘʪʴ ʦ ʢʦʥʮʝʧʮʠʠ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʜ ʵʣʝʤʝʥʪʘʨʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʦʨʝʪʠʢʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʪ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ ʵʥʝʨʛʠʠ 

ʚʩʪʨʝʯʥʳʭ ʯʘʩʪʠʮ ʦʜʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʥʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ. ʆʪʯʘʩʪʠ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʚʝʨʥʦ. ʉʦʫʜʘʨʝʥʠʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʯʘʩʪʠʮ ʩ ʨʘʟʥʳʤʠ 

ʵʥʝʨʛʠʷʤʠ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʟʘʧʫʩʢʦʤ ʬʝʡʝʨʚʝʨʢʦʚ ʩ ʨʘʟʥʳʤ ʟʘʨʷʜʦʤ ʧʦʨʦʭʘ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʨʘʟʣʠʯʥʳʤ ʩʧʝʮʵʬʬʝʢʪʘʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʪʘʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʷʚʣʷʶʪʩʷ ʙʝʩʮʝʥʥʳʤʠ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. ʅʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʠʤʳʭ ʦʧʳʪʦʚ ʠ ʫʛʣʫʙʣʝʥʠʠ ʚ ʜʝʪʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ 

ʨʦʞʜʝʥʠʝ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʥʘʫʢʝ ï ʪʝʦʨʠʠ ʦʧʠʩʘʥʠʷ ʩʧʝʮʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʝ, ʘ ʧʦʨʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ. ʀʤʝʥʥʦ ʵʪʦ ʠ 

ʧʨʦʠʟʦʰʣʦ ʚ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʢ ʢʦʪʦʨʳʤ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʨʠʯʠʩʣʷʶʪ ʜʝʩʷʪʢʠ 

ʧʩʝʚʜʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʩʦʪʥʠ ʨʝʟʦʥʘʥʩʦʚ, ʩʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʩʪʨʝʤʷʱʝʤʩʷ ʢ ʥʫʣʶ. 
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ʊʘʙʣʠʮʘ ʧʦʣʫʯʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠ ʟʥʘʯʝʥʠʡ 
 

 
ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʟʥʘʯʝʥʠʷ 

ʉʧʨʘʚʦʯʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ʤʘʩʩʘ ʧʨʦʪʦʥʘ / ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ 1836 1836,1526721 

ʤʘʩʩʘ ʥʝʡʪʨʦʥʘ / ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ 1838,5464791 1838,6836601 

ʤʘʩʩʘ  ́Ñ ʤʝʟʦʥʘ / ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ 272 273,1320503 

ʤʘʩʩʘ Õ Ñ ʤʝʟʦʥʘ / ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ 204 206,7682821 

̠̠̐̏̒̓̏̎̎́ ̓̏̎̋̏̊ ̜̒̓̑̔̋̓̔̑ 137,5098708 137,035999679 
 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʦʪʨʘʞʘʶʱʘʷ ʚʦʟʤʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʦʙʲʷʩʥʷʶʱʝʛʦ ʩʚʦʡʩʪʚʘ ʧʨʦʪʦʥʘ ʠ ʵʬʠʨʘ, ʠʣʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠʥʪʝʨʧʨʝʪʠʨʫʶʱʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ:  
 

ʄʨ

ʄʝ

ρ

ʄʨʄʝϳ
ρψσφ

ρ

Ѝρψσφ
ρψσφȟρυςχφχψ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʯʝʨʥʦʡ ʜʳʨʳ ð ʦʙʣʘʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʦ, ʯʪʦ ʧʦʢʠʥʫʪʴ ʝʝ ʥʝ ʤʦʛʫʪ ʜʘʞʝ 

ʦʙʲʝʢʪʳ, ʜʚʠʞʫʱʠʝʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʚʘʥʪʳ ʩʘʤʦʛʦ ʩʚʝʪʘ. ɻʨʘʥʠʮʘ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʦʤ ʩʦʙʳʪʠʡ, ʘ ʝʝ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ï 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ. 
 

ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʵʚʦʣʶʮʠʶ ʤʘʩʩʠʚʥʳʭ ʟʚʝʟʜ ʚ ʚʠʜʝ ʨʘʟʨʫʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ, ʪʦ ʵʥʝʨʛʠʷ, ʚʳʩʚʦʙʦʜʠʚʰʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʵʬʠʨ, ʙʫʜʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮ ʵʬʠʨʘ, 

ʬʦʨʤʠʨʫʶʱʝʝ ʪʦʨ ʩ ʦʛʨʦʤʥʳʤ ʨʘʜʠʫʩʦʤ ʠ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ ʪʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʥʝ ʙʫʜʝʪ ʠʟʣʫʯʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʚ ʠʟʚʝʩʪʥʳʭ ʥʘʤ ʜʠʘʧʘʟʦʥʘʭ, ʚ ʩʚʷʟʠ 

ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. ɼʣʠʥʘ ʠʟʣʫʯʘʝʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʜʣʷ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʝ ʨʘʜʠʫʩʫ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʨʥʘʷ ʜʳʨʘ ï ʵʪʦ ʧʨʦʩʪʦ ʦʛʨʦʤʥʳʡ ʵʣʝʢʪʨʦʥ. 
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